We present measurements at optical wavelengths of the spectral reflectance, rotational light curve, and solar phase curve of 2003 EL61. With apparent visual magnitude 17.5 at 51 AU from the Sun, this newly discovered member of the classical Kuiper Belt is now the third brightest KBO after Pluto and 2005 FY9. Our observations reveal an unambiguous, double-peaked rotational light curve with period 3:9154 AE 0:0002 hr and peak-to-peak amplitude 0:28 AE 0:04 mag. This is the fastest rotation period reliably determined for any body in the solar system larger than 100 km. Assuming the body has relaxed over time to the shape taken by a homogenous fluid body, our observations tightly constrain the shape and density. Given the mass we recently determined for 2003 EL61 from the orbit of a small satellite, we also constrain the size and albedo. We find a total length of 1960-2500 km, a mean density of 2600-3340 kg m À3 , and a visual albedo greater than 0.6. We also measure a neutral reflectance at visible wavelengths and a linear phase curve with slope varying from 0.09 mag deg À1 in the B band to 0.13 mag deg À1 in the I band. The absolute V-band magnitude is 0:444 AE 0:021.
INTRODUCTION
In 2004 December, we discovered the bright Kuiper Belt object (KBO) 2003 EL61 during the course of an ongoing survey for distant solar system objects with the 160 megapixel Quest camera on the 48 inch (1.2 m) Samuel Oschin Schmidt telescope at Palomar . At a distance of 51 AU and with mean V magnitude of 17.5, 2003 EL61 is currently the third brightest trans-Neptunian object (TNO) after Pluto and 2005 FY9 and adds to a growing list of Pluto-scale KBOs. It is a member of the classical Kuiper Belt, with semimajor axis 43.3 AU, eccentricity 0.19, and inclination 28N2. Our recent observations of 2003 EL61 using Keck adaptive optics with a laser guide star reveal a much fainter companion satellite with a near circular orbit and 49 day period (Brown et al. 2005b) . From these observations, we determine a mass m ¼ (4:21 AE 0:1) ; 10 21 kg for 2003 EL61, which is 32% the mass of Pluto (the mass of the satellite is negligible). We have also measured near-infrared reflectance spectra with the Gemini 8 m and Keck 10 m telescopes that show a clear signature of water ice (Trujillo et al. 2006) .
In this paper we present BVRI measurements of the color and of the solar phase curve for 2003 EL61. Combined with the infrared reflectance spectra, these results help to characterize the composition and structure of the surface. For example, our recent observations of 2003 UB313 ) reveal a surface composition very much like Pluto's, dominated by methane ice, but lacking Pluto's red color at visible wavelengths. The absence of the red color may be an indication that methane ice is more evenly distributed over the surface of 2003 UB313 than it is on Pluto, masking underlying areas of red color. With the addition of 2003 EL61, we now have a handful of 1000 km sized bodies whose photometric properties we can compare to each other and to smaller TNOs. This will help to address issues related to icy surfaces, the source of the red color on Pluto and smaller TNOs, and the range of albedos observed for the smaller population.
In this paper we also determine the period and amplitude of the rotational light curve for 2003 EL61 and use these observations to set tight constraints on its shape, density (), size, and visual albedo ( p v ). Since the body is very large, the shape it takes is largely determined by self-gravity and centripetal forces. Owing to the high gravitational pressure, the body will deform like a viscous fluid and relax over time to the equilibrium figure of a rotating, homogenous body. For example, icy bodies with radii $1000 km have central pressures $10 8 Pa (Lewis 1997) . With differential stresses of this magnitude and at temperatures $140 K, water ice deforms like a fluid at strain rate $10 À7 s À1 (Durham et al. 1997) . Rocky materials behave in a similar way at these high pressures (Kohlstedt et al. 1995) . A 1000 km scale body will therefore relax to an equilibrium shape on a timescale $(strain rate)
A Novel Dual Imaging Camera (ANDICAM), which has dual infrared/optical CCDs ( Bloom et al. 2004) . The optical channel is a Fairchild 2K ; 2K CCD, which we used in 2 ; 2 binned mode to obtain 0B34 pixel À1 and a 5A8 ; 5A8 field of view. This telescope is queue scheduled for shared use by all members of the SMARTS consortium. The CCD camera is permanently mounted, and users share sky flats, bias frames, and observations of Landolt standards taken in four Johnson filters (B, V, R, and I ) at varying air mass on photometric nights. All exposures are autoguided, and the typical seeing is 1 00 . Our nightly observations of 2003 EL61 were four consecutive exposures in B and V and twice in I, or else two sequences in B, V, R, and I. All exposures were 300 s for B and 120 s for V, R, and I.
To obtain a measure of 2003 EL61's rotational light curve unbiased by the 24 hour sampling interval of our SMARTS observations, we made additional observations spanning the nights of 2005 April 10-12 with the 200 inch (5.1 m) Hale telescope at Palomar Observatory and the night of 2005 May 4 with the 32 inch (0.8 m) Telescope at Tenagra Observatory. At Palomar, we used the Large Format Camera, a CCD mosaic with a field size is of 24A6 made from six 2K ; 4K CCDs. All the observations are 2 minute exposures through a Gunn r 0 filter. Seeing was 1B25-1B8 and variable. At Tenagra, we used the facility 1K ; 1K CCD camera and Johnson R filter.
To reduce the SMARTS data, we first used nightly bias frames, darks, and twilight flats to flatten the images. We then used observations of 2003 EL61 and of Landolt stars taken on the same photometric nights to determine the apparent magnitudes in the Johnson system of hand-selected field stars surrounding 2003 EL61. With these secondary standards calibrated, we were then able to calibrate the magnitudes we measured for 2003 EL61 on both photometric and nonphotometric nights. We applied standard aperture-correction techniques to minimize the size of the measurement aperture, relying on the field stars in each image to determine the aperture correction. For all the SMARTS observations we report here, we used a small aperture with a diameter of 6 pixels (2B0) for 2003 EL61 and a large aperture with a diameter of 40 pixels (13B6) for Landolt standards. We also determined color corrections from our observations of Landolt stars on photometric nights. These corrections were insignificant for 2003 EL61, except for the B-band measurements for which a 0.013 mag correction was required.
We judged some of the SMARTS observations to be unusable owing to very large errors. Most of these were either taken during full moon conditions or very poor conditions. A few observations were adversely affected by cosmic-ray hits within the flux aperture. We do not include these observations in our results. We also rejected observations in each filter with measurement errors exceeding 0.3 mag, or with magnitudes differing by more than 3 times the rms variation of the total sample. Additional details of our measurement procedure appear in previous publications (Schaefer & Rabinowitz 2002; Schaefer & Tourtellotte 2001) .
To reduce the Palomar and Tenagra observations, we first darksubtracted and flat-fielded each image. Then, choosing a fixed aperture, we measured the sky-subtracted flux of 2003 EL61 and of a fixed set offield stars selected from the United States Naval Observatory (USNO) catalog. There was one fixed set for Palomar and another for Tenagra. The nights were not photometric, and we made no attempt to calibrate with respect to standards. Instead, we normalized each brightness measurement of 2003 EL61 with respect to the mean brightness of the field stars in the same exposure. The magnitudes we report here for 2003 EL61 are scaled so that the mean Palomar and Tenagra magnitudes roughly match the mean V-band measurement from the SMARTS observations. 3. RESULTS AND ANALYSIS 3.1. Light-Curve Data Table 1 lists the Julian date, apparent and reduced magnitudes, magnitude errors, solar phase angle (), heliocentric distance (r), geocentric distance (d), filter, and the telescope we used for each observation of 2003 EL61. The reduced magnitude is the apparent magnitude minus 5 log rd ð Þ where r and d are in astronomical units. Extrapolated to ¼ 0 , the reduced magnitude yields the absolute magnitude of 2003 EL61 in each passband. The magnitude error is the statistical error we determine from the read noise and from counting the photoelectrons from the sky and from 2003 EL61 within our measurement aperture. We also include a random error of 0.015 mag. This accounts for night-to-night variations in the magnitudes we measure for field stars that are not otherwise accounted for by our statistical estimate. The observations we have excluded as outliers (see discussion above) are marked ''rejected.'' The Palomar and Tenagra observations are marked ''relative'' because they are not calibrated to a standard magnitude system owing to cirrus clouds during the time of the observations.
We have also adjusted the Julian dates listed in Table 1 by subtracting the relative light travel time of the observations, (dÀd 0 )/c, where d is the geocentric distance of 2003 EL61 at the time of the observation, d 0 is the distance at the time of our first SMARTS observation in Table 1 , and c is the speed of light. For observations that span only a few nights, this correction would be insignificant. Given the long timespan of our observations, however, this correction turns out to be marginally important (at the few percent level for rotational phase). Figure 1 shows the measurements from Table 1 plotted versus Julian date for each filter. There is clearly a scatter in the observations that is much larger than their errors. At this point we can already calculate average magnitudes for each data set and linear fits to magnitude versus solar phase angle. Because we have many observations spanning a long time interval, the scatter largely cancels. However, these derivations are preliminary, and we do not report them here. We make these derivations only for the purpose of combining all the data plotted in Figure 1 into one set for which there is no dependence on solar phase angle or on wavelength. From this set we can best determine the rotational light curve. We then subtract the rotation curve from the original data plotted in Figure 1 and rederive the average magnitudes, colors, and fits to the solar phase curves. The method is iterative but leads to a unique solution after only one iteration. Note that we only fit the solar phase curves for the SMARTS B, V, and I data. The solar phase angle does not vary significantly for the dates spanned by the Palomar and Tenagra data sets. We also omit the R-band data because they are few in number and span only a few nights.
Rotational Light Curve
In Figure 2 , we show a periodogram for the combined data, computed using the phase dispersion minimization (pdm) program distributed with the IRAF image processing software (Stellingwerf 1978) . Here the vertical axis, , represents the dispersion with respect to the mean rotational light curve computed for period p. More precisely, if the data consist of magnitudes M i at times t i , with i ¼ 1-N, then each observation has rotational phase, i ; ¼ ½t i mod p/p. Binning the observations by phase and averaging the values of M i within each bin yields the mean rotational light curve, F(). The dispersion with respect to F() is the sum AE i¼1; N ½M i À F( i ) 2 /(N À 1). Dividing this sum by the dispersion with respect to the overall mean,
2 /(N À 1), yields . The best-fit periods are those at the smallest values of . Figure 2 . We also looked for minima at periods from 0.2 to 100 days and did not find any of any significance other than integer multiples of these fundamental periods. From inspection of the dispersion plot at higher resolution, and from inspection of the rotational light curves associated with each minimum, we find the best-fit periods of 0:08157 AE 0:00001 days (1:9577 AE 0:0002 hr) for a single-peaked light curve and 0:163135 AE 0:00001 days (3:9154 AE 0:0002 hr) for a double-peaked light curve. Figure 3 shows the composite data plotted versus rotational phase for the 3.9154 hr period. A different symbol represents each of the data sets going into the composite. Also plotted is a fit made by binning the data by rotational phase, with bin widths equal to 1 40 of the period, and computing the median average of the composite data within each bin. The curve was then smoothed by replacing each point along the curve with the average of itself and its two closest neighbors. We derive an overall 2% error to the fit, which is the rms scatter of the observations within each Table 1 is also available in machine-readable form in the electronic edition of the Astrophysical Journal.
bin divided by the square root of the number of observations per bin.
Note that the fit in Figure 3 has two peaks with respective amplitudes of 0.08 and 0.15 mag and two valleys with depths of 0.08 and 0.13 mag. The 2 of the composite data with respect to this fit is 583 for 306 degrees of freedom (after rejecting 3 outliers), which indicates that there is still a lot of scatter after removal of the rotation. Repeating the fitting procedure for the 1.9577 hr period, we find a larger 2 of 640 with 297 degrees of freedom. Because the longer period yields a better 2 fit and because the longer period light curve consists of two half-cycles with different amplitudes, we conclude that the longer period is the true period. In any case, the rotation period for the singlepeaked curve is so short that a strengthless body would require > 10;240 kg m À3 to stay together (Chandrasekhar 1969) . Even a body with the strength typical of terrestrial soils would require > 4100 kg m À3 (Holsapple 2001 ). To look for any dependence on wavelength, we plot the SMARTS B, V, and I observations versus rotational phase (Fig. 4) after binning by rotational phase (bin size equal to the period/20). Here each point shows the median average of the magnitude within each bin. Where the number of observations (n) per bin is two or more, the error bars show the rms deviation from the median divided by the square root of n. Where n ¼ 1, the error bar is the estimated error of the observation. Figure 4 also shows the fit to the composite phase curve from Figure 3 .
Examination of Figure 4 shows there are only a few data points that differ from the composite fit by more than their errors. But these deviations are not consistent near the peaks or the valleys in the light curve. The most significant deviation is a single point in the V band, falling $0.1 mag below the crest of the larger of the two peaks (rotational phase 0.62). But this point corresponds to a bin for which there was only one observation (see Fig. 3 ). Also, there is no corresponding deviation in the I band at the same rotational phase, which we would expect if the reflectance spectrum were changing significantly there. For these reasons, we conclude that there is no significant wavelength dependence to the rotation curve at the few percent level or larger.
Solar Phase Curves
To determine the solar phase curves, we first subtracted our fit to the composite rotational light curve (see Fig. 3 ) from the original, uncombined data (see Fig. 1 ). We did this by calculating the rotational phase at the light-travel-corrected time of each observation. We then evaluated the amplitude of the rotation curve corresponding to each observation. Since we computed the rotation curve for 40 bins in rotational phase, we determined the amplitude for each observation by linearly extrapolating the curve from the two bins closest to the rotational phase of the observation. With the rotation curve subtracted, we then separately sorted the SMARTS B, V, and I observations by solar phase angle and computed the weighted averaged of the reduced magnitude every 10 consecutive data points. Figure 5 shows the average reduced magnitude versus solar phase angle for these rotation-corrected observations. Also shown are linear fits for each filter. It is clear that the phase curves are linear over the full range in solar phase of the observations (0N5-1N1. To fit the observations, we gave each point in Figure 5 equal weight. The resulting slope and intercept (parameters a and b, respectively) are listed in Table 2 for each filter. In each case we calculated the errors for a and b for each, assuming the fitted points had the same magnitude error, equal to the standard deviation of the residual magnitudes after subtraction of the fit. Note that parameter b is the absolute magnitude for 2003 EL61 in each filter, which is the reduced magnitude extrapolated to zero phase angle. Table 3 lists the rotation-corrected, reduced B, V, R, and I magnitudes and their differences that we measured with the SMARTS telescope the nights of 2005 January 25-27. On each of these nights we recorded two sequences in B, V, R, and I, except for the last night for which we had to reject our second B-band measurement. Here we have subtracted our fit to the rotational light curve from each observation using the method discussed above. This allows us to determine the BÀV, VÀR, RÀI, and VÀI colors without the influence of rotational modulation. Table 3 consistent with zero, the reflectance for 2003 EL61 is neutral to within a few percent. The slightly negative value for the BÀV color, while marginally significant, suggests a lightly enhanced reflectance at blue wavelengths.
Average Magnitudes and Colors

DISCUSSION
Color and Intrinsic Brightness
The neutral color we observe for 2003 EL61 is typical of many smaller KBOs and is in this respect unremarkable. As with the smaller bodies, the lack of color is consistent with a surface consisting of dark carbonaceous material mixed with ices. Depending on the amount of ice and how it is mixed in with darker material, the albedo could be very low (<0.05) or very high (>0.5). Since the near-infrared spectrum for 2003 EL61 shows the clear presence of water ice, the albedo could be very high if the darker material is hidden beneath the ice.
In Figure 6 , we compare the Sun-subtracted value of VÀI we observe for 2003 EL61 with the values known for all the intrinsically bright TNOs (absolute magnitude <4). Here we see that a relatively neutral color is a common feature of the intrinsically brightest TNOs. With the exception of Sedna, all of the TNOs with absolute magnitudes less than 2. 5 (2003 UB313, Pluto, 2005 FY9, 2003 have V À I < 0:2, whereas the relatively fainter bodies (Quaoar, Ixion, 2002 AW197, and Varuna) have V À I ¼ 0:3 0:6. This higher range is also representative of the whole TNO population, for which the average solar-corrected values for VÀI range from 0.36 to 0.50, depending on the subgroup (Hainaut & Delsanti 2002) . We speculate that this correlation, if real, is evidence that the icecovered surfaces on these largest bodies are covering up the redder, darker areas underneath, as we suggest above for the case of 2003 UB313.
Solar Phase Curve
The linear solar phase curve we observe for 2003 EL61 is also typical of many other TNOs (Schaefer et al. 2005) , although the slope we measure for the B and V band ($0.09 mag deg À1 ) is shallower than average ($0.15 mag deg
À1
; . Pluto also has a very shallow phase curve ( Buratti et al. 2003) , although the reason for this is not well understood. Opposition surges depend in a complex way on the optical properties of surface grains, their size distribution, and their spatial distribution. The amplitude and width of the surge depend on shadow hiding and on multiple scattering by surface grains. In general, the slopes of phase curve at low phase angles are not directly correlated with albedo (Schaefer & Rabinowitz 2002 ). That we see shallow phase curves for two of the largest known TNOs could be an indication of similar optical properties or surface structure.
For 2003 EL61, we also see a wavelength dependence to the slope of the phase curve, with the longer wavelengths having a steeper slope. Recently, we have observed this same dependence for smaller TNOs (Schaefer et al. 2005) . It might be that the red albedo for these objects is high enough to allow light to coherently backscatter, whereas at blue wavelengths the albedo is too low for multiple scattering to dominate shadow hiding ). However, we show below that 2003 EL61 must have a very high albedo in the blue, as well as the red, wavelengths, so there may be more subtle effects occurring, such as a grain structure that enhances the scattering of red light relative to blue.
Size, Shape, Density, and Albedo
The rotation period we measure for 2003 EL61 is extraordinary. It is the shortest rotation reliably measured for any TNO and for any solar system body larger than 100 km ( Pravec et al. 2002) . Even a solid body of moderate strength would be significantly distorted at this high rotation rate (Holsapple 2001) . Assuming 2003 EL61 responds to stresses like a fluid, with the finite viscosity controlling the rate of deformation, the high rotation speed requires that 2003 EL61 will eventually take the shape of either an oblate (Maclaurin) spheroid or else that of a triaxial (Jacobi) ellipsoid (Chandrasekhar 1969) . Either shape is possible, depending on the density and rotation period. For the case of the Jacobi ellipsoid, the variation in the projected surface area produces the double-peaked light curve. The shape and density are determined by the rotation period and light-curve amplitude using the tables provided by Chandrasekhar (Farinella et al. 1981; .
The Maclaurin spheroid, on the other hand, does not produce a light curve because of its rotational symmetry. To produce the double-peaked light curve, there has to be a peculiar albedo pattern across the surface, consisting of two albedo spots on opposite sides of the equator. We discuss this further below. Given the rotation period of 3.9154 hr, Chandrasekhar shows that dynamical stability for a Maclaurin spheroid requires > 2530 kg m À3 . At lower densities, only the ellipsoidal shape is stable. Since we expect bodies in the Kuiper Belt to be composed of mixtures of ice and rock with < 3300 kg m À3 (the mean density of Earth's moon, which is all rock and no ice), the where m S is the apparent visual magnitude of the Sun (À26.7) and a 3 (a 1 a 2 ) 1/2 is the square of the mean effective radius (see Sheppard & Jewitt 2004) . Table 4 shows the resulting values for , a 1 , a 2 , a 3 , and p v for a 1 /a 2 ranging from 1.316 up to 2.314. Note that these are all the values for a 1 /a 2 tabulated by Chandrasekhar (1969) exceeding our lower bound, yet lower than the critical value, a 1 /a 2 ¼ 2:314, at which the homogenous ellipsoid becomes unstable. For each value of a 1 /a 2 , the table also lists the associated value for determined from the dependence of Ám on , a 1 , a 2 , and a 3 (Binzel et al. 1989 ):
Ám ¼ 2:5½ log (a 1 =a 2 ) À log (r 1 =r 2 ); where Note that (r 1 r 2 ) 1/2 replaces a 3 in the above equation for p v when < 90
. Extrapolating the values listed in Table 4 to our lower bound a 1 /a 2 ¼ 1:29 AE 0:04, we find minimum values > 2600 AE 37 kg m À3 , a 1 > 980 AE 37 km, and maximum values p v < 0:73 AE 0:01, a 2 < 759 AE 24 km, and a 3 < 498 AE 4 km. Since it is likely that 2003 EL61 0 s rotation axis is coincident with the orbital plane of its satellite, which we know to be inclined by only 4 from our line of sight (Brown et al. 2005b ), we can assume that 2003 EL61's rotation axis makes an angle ¼ 86 with our line of sight. Correcting for the projection increases a 1 /a 2 by only 0.2%, so we can take the above limiting values as actual values.
In the unlikely case that we are viewing the rotation axis closer to pole-on, then we can assume the upper stability limit a 1 /a 2 ¼ 2:314, which occurs at ¼ 47
. In that case we obtain upper limits < 3340 kg m À3 , a 1 < 1250 km, and lower limits Note.-For the triaxial ellipsoid, a 1 , a 2 , and a 3 are the semimajor axes; for the oblate spheroid, a 1 and a 3 are the equatorial and polar radii, respectively. p v > 0:60, a 2 > 540 km, and a 3 > 430 km. Remarkably, the resulting solutions impose a very limited range of variation for a 3 (7%), with somewhat larger ranges for p v (9%), (12%), a 1 (12%), and a 2 (17%). These values are summarized in Table 5 .
For the case of the Maclaurin spheroid spinning with period 3.9154 hr, let a 1 and a 3 be the radii to the equator and to the pole, respectively. Chandrasekhar's tables give the ratio a 1 /a 3 ¼ 1:72 at the limit of stability where ¼ 2530 kg m À3 and give a 1 /a 3 ¼ 1:42 if the density is as high as for Earth's moon, ¼ 3300 kg m
À3
. Given the known mass and the measured brightness, we thus calculate the ranges for a 1 , a 3 , and p v listed in Table 5 . They are comparable to the ranges we obtained for the Jacobi ellipsoid. In either case, we end up with a squashed figure, $ 2500 kg m À3 , and a short axis $500 km wide, although the spheroid requires somewhat higher albedo in the range 0.7-0.8 and an overall length of $1600 km, shorter than the longest dimension of the ellipsoid by 15%. On this basis alone, there is no reason to choose one model over the other.
The only reason to exclude the Maclaurin spheroid is because of the special albedo pattern that would be required to mimic the double-peaked light curve. Pluto, which rotates too slowly to deform significantly, has albedo patterns that account for the light-curve shape . The light-curve variations are of comparable amplitude to what we see for 2003 EL61, but it is a single-peaked light curve. We do not see significant color variation above a few percent level for 2003 EL61, which we might expect from the difference in composition between the bright and dark areas. But since Pluto's disk-averaged color only varies by $1% (Buratti et al. 2003) , color variability is not necessarily diagnostic. Hence, we have no observational basis to exclude the possibility of an oblate spheroid with bright spots on opposite hemispheres.
Another possibility is that 2003 EL61 is a binary (making 2003 EL61 a tertiary system when we include the co-orbiting satellite). In this case the mutual eclipses of the close, co-orbiting pair cause the light-curve variations. But Leone et al. (1984) show that such a binary configuration is unlikely if the lightcurve amplitude is small and the rotational velocity is high, as is the case for 2003 EL61. They tabulate approximate equilibrium solutions, assuming the co-orbiting bodies are homogenous and strengthless, but of unequal mass. In this case each body takes the shape of a triaxial ellipsoid distorted by its own rotation and by the gravity of the other body. With these assumptions, and given the short rotation period we observe, there is no stable solution for < 5000 kg m
. This clearly rules out a contact binary.
CONCLUSIONS
We have shown that 2003 EL61 is a neutral colored body with linear solar phase curve, the slope of which is wavelength dependent. Comparing 2003 EL61 to other TNOs of comparable intrinsic brightness, we see that these largest bodies are all relatively neutral in color compared to their smaller cousins. As for the case of 2003 UB313, we suggest that 2003 EL61 and these largest KBOs have relatively neutral colors because their surfaces are covered with frozen methane or water, hiding the presence of darker, redder material underneath.
The very short rotation period for 2003 EL61 is extraordinary and provides us the first opportunity to study the extreme rotational deformation of a large body for which gravitational pressure exceeds strength. If the body has relaxed to the figure expected for a fluid body, then from the amplitude of the rotational light curve and the rotation period we accurately determine the shape and density. Given the mass determined for the satellite orbit, we also tightly constrain the size and albedo. We present two cases, one assuming 2003 EL61 is an elongated ellipsoid whose shape determines the light-curve variation and the other a flattened spheroid for which albedo patterns cause the variation. Both cases yield similar results for the shape, size, density, and albedo, but with the ellipsoid being slightly more elongated (at least 1960 km long) and slightly darker (p v ¼ 0:6 0:7) compared to the spheroid (1600 km maximum width, p v ¼ 0:7 0:8).
We believe the spheroidal model to be much less likely, however, given the peculiar pattern of albedo spots that would be required to produce a double-peaked light curve.
Forthcoming observations in the thermal infrared with the Spitzer Space Telescope will independently determine the albedo. Also, direct imaging at visible wavelengths with the Hubble Space Telescope may constrain the size and shape. Confirmation of our size, shape, and albedo estimates would then be strong evidence in support of the deformation model. A more detailed ground-based study of the rotational light curve may further constrain the shape and distinguish between the two solutions. This work was supported by grants from NASA Planetary Astronomy.
